The diameter and density of coronal dentinal tubules were assessed in non-erupted human deciduous incisors. Using liquid nitrogen, frozen samples were fractured in longitudinal and oblique directions and observed by means of a Jeol JSM-6100 scanning electron microscope. It was observed that the diameter of dentinal tubules ranged from 0.50 to 1.94 micrometers and increased significantly from the outer to the inner layers. However, comparing the incisal, middle and cervical thirds, no statistically significant differences were observed. The number of tubules per square millimeter varied from 3,281 to 32,313 and also increased from the external dentinal surface to the dentinal surface of the pulp chamber.
INTRODUCTION
It is known that the diameter and number of dentinal tubules influence dental adhesion, since they are related to dentinal permeability. That is because the efficacy of most of the current adhesives depends upon the infiltration of the resin into the dentin 13, 17 . Recently, it was verified that the amount of solid dentin is reduced in deciduous teeth due to differences in the number and diameter of dentinal tubules, in comparison with the dentin of permanent teeth 20 . The aspect of the tubules depends not only on their location within the dentin, but also on the age of the tooth 14 . Many researchers have studied the tubular aspect and its relation with dentinal permeability in exfoliated teeth 7, 12, 13, 20, 22 , analyzing primary, secondary, and tertiary dentins. Hence, it is necessary to study the dentinal structure that has not yet been submitted to external stimuli (attrition, demineralization-remineralization challenges, technical procedures, etc.), in order to assess the characteristics of the tooth in its early moments in the oral cavity.
The objective of the present study was to determine the diameter and number of tubules in different areas of coronal dentin, using non-erupted deciduous incisors.
MATERIAL AND METHODS
Fifteen non-erupted human deciduous incisors with at least one third of their roots formed were utilized. They were extracted from five-to tenmonth-old children who had died 24 hours before oral autopsy, which was carried out at the Obit Verification Service, Hospital of Clinics, University of São Paulo, Brazil. The legal representative of this organ approved the utilization of the material.
The specimens were cleaned and fixed in modified Karnovsky's solution 11 , containing 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M sodium phosphate buffer (pH 7.4) at 4º C. After 24 hours, the samples were stored in 0.1 M buffer solution (pH 7.4) at 4º C, where they were kept until the moment of their fracture.
Ten teeth were frozen in liquid nitrogen and fractured in buccal-lingual direction with pliers. Five incisors were transversally fractured at the level of the pulp horn. Before the pliers were employed, a Carborundum disk fixed in a hand piece was used to confect a groove on the surrounding enamel, in order to guide the fracture. The resultant specimens were dehydrated in increasing series of alcohol, cleaned in a Branson's ultrasonic apparatus for 10 minutes, and then dried in filter paper during 24 hours. The samples were mounted in metal stubs, covered with gold in a Balzers SCD-040 ions sputter, and examined in a Jeol JSM-6100 scanning electron microscope at 15 kV.
For measuring the dentinal tubules, pictures obtained from longitudinally fractured dentin, with a magnification of 4,500 times, were used. The following areas of comparison were established: a) incisal, middle, and cervical thirds; b) external (close to the amelodentinal junction), middle and internal (close to the pulp chamber wall) layers.
The diameter of the tubules was measured with the aid of a ruler, considering twenty points per picture. This procedure minimized errors caused by variations of diameter due to the random incidence of the fracture line. The average values obtained in each picture were used to compare different thirds and layers through the two-factor analysis of variance and Tukey's test. The significance level was established as 5% (SAS System 18 ). Pictures of transversely fractured teeth were used to calculate tubular density (number of tubules per square millimeter), as well as the area filled by dentinal tubules, intratubular dentin and intertubular dentin. For those measurements, the formulas proposed by FORSSELL-AHLBERG et al. 5 (1975) and PASHLEY 16 (1989) were employed. The authors counted tubule holes utilizing pictures of standardized magnification (1,500 X), considering the external, middle and internal layers. Scores were compared to each other, using the two-factor analysis of variance and Tukey's test, with a significance level of 5% (SAS System 
RESULTS
In longitudinal fractures, the average values of tubular diameter were obtained from 20 measurements registered in each picture. The measures varied from 0.50 to 1.94 µm, considering all thirds (incisal, middle and cervical) and layers (external, middle and internal).
The results revealed the following averages of tubular diameter in different layers: 0.65 µm (external), 1.13 µm (middle) and 1.52 µm (internal). Two-factor ANOVA revealed that these values were statistically different (p = 0.0001).
In the external layer ( Figure 1A ), the averages found in each third were not statistically different: 0.62 µm (cervical), 0.68 µm (middle) and 0.66 µm (incisal). In the middle layer ( Figure 1B) , the following values were verified: 1.09 µm (cervical), 1.23 µm (middle) and 1.05 µm (incisal). At this level, there was significant difference between the incisal and middle thirds (p = 0.0313). The averages registered for the internal layer ( Figure 1C ) did not present statistical difference: 1.57 µm (cervical), 1.48 µm (middle) and 1.5 µm (incisal).
Comparing the measures obtained in the different thirds, there were no statistically significant differences (p = 0.664). The recorded average values were 1.10 µm (cervical), 1.13 µm (middle) and 1.07 µm (incisal). The results were unable to demonstrate an interaction between layers and thirds (p = 0.2244).
The average values of tubular density presented by the external, middle and internal layers were respectively 9,614, 17,018 and 23,114 tubules/mm 2 , and the actual measures ranged from 3,281 to 32,313 tubules/mm 2 . ANOVA and Tukey's test evidenced statistically significant differences between all layers (p = 0.001).
The authors also verified that there was an increase in the number and diameter of tubules from the outer to the inner layers of dentin. That was confirmed by the positive correlation revealed by the coefficient of Pearson (0.999993). The diameter and density of dentinal tubules in each layer allowed the researchers to calculate the area occupied by tubules, intratubular dentin and intertubular dentin (Table 1) .
DISCUSSION
In the present study, the authors utilized solely non-erupted deciduous teeth, extracted in the beginning of root formation. In that state, the tooth presents with its original dentin, which has not yet suffered any of the multiple stimuli of the oral cavity. Thus, it was possible to compare non-erupted deciduous teeth with erupted deciduous and permanent teeth, studied in other researches.
Considering the diameter of dentinal tubules, the present results revealed values lower than those observed by HIRAYAMA et al. 10 (1986) , whose data varied from 2 to 15 µm, in the coronal dentin of deciduous incisors. However, the observations are in agreement with those of WATANABE 22 (1988), who reports values of tubular diameter ranging from 0.7 to 2.6 µm in the pulp chamber wall of deciduous teeth, using scanning electron microscopy. HIRAYAMA et al. 10 (1986), who employed electronic microscopy to study non-demineralized sections of deciduous incisors that were close to their exfoliating periods, could also measure giant tubules. On the other hand, the minimum value observed in the present research might result from the unaware inclusion of dentinal canalicula in the measurements of tubules, which has been pointed out by GARBEROGLIO; BRÄN-NSTRÖM 8 (1976) . The results regarding the inner coronal dentinal area, where the larger tubular diameters were registered, corroborated the data obtained with deciduous teeth 3, 7, 12, 13 and with permanent teeth 4, 7, 8, 12 , and even with animals' teeth 5 . Those findings are related to the higher dentinal permeability of the internal layers of this tissue 13, 16 . Only FOSSE et al. 6 (1992) reported a discreet reduction in the diameters of dentinal tubules from the periphery of the dentin to its inner layers. It has been reported that various in vitro factors might affect tubular diameter, including demineralization of the structure, expansion of collagen, and the utilized fixative agent 1 . In relation to the assessed dentinal thirds, it was not possible to establish a pattern of differentiation as to tubular diameter. However, GORACCI et al. 9 (1993) verified an increase in tubular diameter from the occlusal (1.8 µm) to the cervical (3.5 µm) region. Those authors 9 confirmed that the utilization of the coronal level for measuring tubular diameter and density, as reported in many papers, could also induce differences in the registered values. The results of the present paper are in agreement with those of several works that compared the number of tubules in different depths of dentin. Studying deciduous and permanent teeth, several papers report that tubular density increases from the outer to the inner dentin 3, 4, 5, 6, 8, 12, 20 .
Comparing the present values of density of dentinal tubules with those of other studies, an important variation of data was verified. The results were in agreement with those of COUVE; ONETTO 3 (1987) , who found 10,000 tubules/mm 2 in mantle dentin (outer layer), and 20,000 tubules/mm 2 in circumpulpal dentin (middle layer), in germs of deciduous molars. These values are smaller than those presented in the literature 2, 4, 5, 6, 8, 9, 12, 13, 19 . COUVE; ONETTO 3 (1987) also reported that while the secondary dentin of deciduous molars presented a greater number of tubules (37,000/mm 2 ), the tertiary dentin presented a reduced density of tubules (24,000 tubules/mm 2 ), which is possibly due to the sclerosis of dentin. Similarly, CARRIGAN et al. 2 (1984) observed decreased tubular density in old permanent teeth, when compared to recently erupted teeth.
According to the exposed results, the area corresponding to tubular dentin was smaller than that reported in studies carried out with permanent teeth 4, 16 . Conversely, SFONDRINI et al. 19 (1984) observed a larger tubular surface in deciduous teeth, when compared to permanent ones. The present authors stated that the area filled up with tubular and peritubular dentin in the internal layer was thirteen times larger than that found in the external layer, and five times larger than that found in the middle layer. The surface occupied by peritubular dentin was about three times larger than that occupied by tubules, in all layers. However, while in permanent teeth the area related to intertubular dentin half decreased from the external (95.98%) to the internal layer (51.23%) 16 , in deciduous teeth, this decrease corresponded to 15%.
The results reported here reveal that deciduous teeth presented an area of intertubular dentin larger than that reported for permanent teeth. PASHLEY et al. 17 (1993) affirmed that the penetration of resin into the intertubular dentin is the most important factor in dentinal adhesion. That property is named as intradentinal permeation. NÖR 15 (1994) verified that the smear layer is easily removed from deciduous teeth, which could be justified by differences in the reactivity and chemical composition of that tissue, and also by the number of dentinal tubules. Based on those facts, the present researchers suggest that, in relation to the dentin of permanent teeth, the dentin of young deciduous teeth would be more favorable to resin retention since there is a small difference in the area of intertubular dentin, in the various evaluated depths. That aspect was more important than the observations regarding the intertubular surface in permanent teeth 16 . Additional researches should be carried out in order to test the numerous variables that influence dentinal adhesion in deciduous teeth. PASHLEY 16 (1989) reported that the movement of dentinal fluid, which is related to dentinal permeability and pain, varies with the fourth potency of tubular diameter, which is more important than tubular length. According to PASHLEY 16 (1989) , the tubular functional diameter corresponds to the tenth part of the anatomical diameter due to the presence of intratubular deposits. So, if dentinal tubules presented smaller diameter and density in deciduous teeth, the dentin of deciduous teeth should be less permeable than that of permanent teeth, which has been proven by KOUTSI et al. 13 (1994). KOUTSI et al. 13 (1994) suggested that the permeability of recently erupted teeth was higher than that of exfoliated teeth, but this statement was not supported by the present results. Data revealed that, in the same tooth, permeability increases from the external to the internal dentinal regions because the diameter and density of tubules are greater in the internal layer.
Another clinical aspect related to dentinal tubules in deciduous teeth is the development of tooth decay. KOUTSI et al. 13 (1994) postulated that the fast progress of carious lesions in deciduous teeth is not due to increased dentinal permeability. Our study may sustain that theory since the exposed values of tubular diameter and density were smaller than those related to permanent teeth. Considering that characteristic, there could be other factors associated with the progress of caries, such as the extent of deciduous dentin. Further works should be carried out in order to review the concepts on the evolution of carious lesions in deciduous teeth.
